Introduction
Major industrial production of petroleum based polymers started around the mid twentieth century. Although those xenobiotic macromolecular compounds had been nonexistent until they were invented, some of them can be utilized by microorganisms for carbon sources. Those petroleum based materials have been now accumulated on the surface of the earth to potential sources of carbon dioxide emission, and now mechanism of microbial depolymerization processes must be elucidated.
Microbial depolymerization processes are classified into exogenous type processes and endogenous type processes. The primary factor of an exogenous type depolymerization process is molecular reduction by terminal liberation. Polyethylene (PE) is depolymerizable in exogenous type depolymerization processes. A mathematical model was proposed and numerical techniques were developed in studies of PE biodegradation [1] . Polyethylene glycol (PEG) is also depolymerizable in an exogenous type depolymerization process [2] . Those mathematical techniques developed for PE biodegradation were applied to a microbial depolymerization process of PEG [3] . Time dependence of degradation rate was incorporated into formulation of a PEG depolymerization process [4] .
Unlike exogenous type depolymerization processes, molecules are broken down arbitrarily in endogenous type depolymerization processes. A mathematical model was proposed for simulation of an enzymatic degradation process [5] . Mathematical techniques developed for the enzymatic degradation of PVA were applied to an enzymatic hydrolysis of PLA, and degradabilities of PVA and PLA were compared [6] . Time dependence of an degradation rate was incorporated into modeling of an enzymatic hydrolysis of PLA [7] . A mathematical model proposed for endogenous type depolymerization processes was applied to exogenous type depolymerization processes of PEG [8] and PE [9] . Mathematical techniques developed for the PE biodegradation were applied to a depolymerization process of PEG [10] . Time dependence of degradability was incorporated into formulation of a PEG depolymerization process [11] .
This study revisited an exogenous type microbial depolymerization process of PEG. In previous studies, weight distributions before and after cultivation of microbial consortium E-1 were introduced into inverse analyses for a molecular factor and a time factor of a degradation rate. Inverse problemes for a molecular factor and a time factor of a deradation rate were solved numerically. An initial value problem was solved numerically, and a microbial depolymerization process was simulated. In this study, a set of residual PEG before and after cultivation was introduced into an inverse analysis for the microbial population. In the following sections, mathematical model is described, techniques to solve inverse problems for the micriobial population are illustrated, and numerical results are presented. A numerical result for the microbial population and experimental outcomes for an optical density were compared. 
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Various methods were applied to systems of equations such as system (14) . Those are the NewtonRaphson method in conjunction with the bisection method, the NewtonRaphson method in conjunction with the Newton's method, the Newton-Raphson method, and the GaussNewton method [12 -15, 17, 18] . . In this study, system of equations (12) was analyzed. The results from cultivation of the symbiotic mixed culture E-1 on PEG 6000 was reported [16] . Let was set, and the GaussNewton method [19] was applied to the nonlinear least square problem for a minimizer of the expression. Table  1 I: Convergence process of a sequence generated by the Gauss Newton method. The initial values of 0  , k , and h were 0.1, 0.2, and 400.0, respectively, and the residual at the n th step 6  t [16] . Figure 3 shows points 
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Conclusion
In previous studies [10 -15, 17, 18] , weight distributions before and after cultivation of microorganisms in culture media were introduced into inverse analysis of the molecular factor and the time factor of a degradation rate. Those include the inverse problems for the molecular factor (6), (8) , (9) and the time factor (12) . This study demonstrates that an exogenous type microbial depolymerization process is simulated with a set of residual polymer before after cultivation of microorganisms. 
, and 11 6  t . Figure 3 shows the transition of viable cell density whereas the optical density of culture media was an outcome from a mixture of viable cells and inviable cells. The symbiotic mixed culture E-1 consists of S. terrae and Rhizobium sp. The results concerning the residual PEG are outcomes from a microbial depolymerization process where S. terrae was a primary PEG utilizing bacteria. Figure 4 shows the transition of viable S. terrae whereas Rhizobium sp. as well as inviable cells were incorporated in the outcomes of the OD 610 . Viable cell density of S. terrae and Rhizobium sp. were measured by colony counting on nutrient agar plates in another experiment [16] . A further study is required to validate the numerical results by comparison with the experimental results. 
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